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Assessment of climate change impact on
regional and seasonal water resources in Sri
Lanka







Summary   
 
Water needs to be protected and used in a sustainable way as the enough fresh water resources 
available for the humans in a changing climate is one of great challenge faced by global modern 
society. In per capita terms, Sri Lanka is well above the national annual water scarcity threshold 
of 1,700m
3
 /person proposed by the Falkenmark, 1989. However, over the past decades, seasonal 
water scarcity has become a challenge in many parts of the country due to notable impact of 
seasonal climate change. Further, recent inconsistency of seasonal monsoon weather patterns has 
a major influence on extreme hydrological events (drought and flood). Hence, the rationale of 
this research has been to assess the past and future climate change and its impacts on regional 
and seasonal water resources in Sri Lanka. To achieve the rational of this research, the context of 
the study was divided into several sections; (1) Identification of past and future climate changes 
(2)  Identification of past and future climate change impacts on seasonal and regional water 
resources (3) Analysis of past and future annual and seasonal water scarcities (4) Analysis of 
past and future extreme river flow variations and its impacts on hydrological disasters and (5) 
Peoples’ perception on climate change and its impacts on local water resources.  
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We used Five Coupled General Circulation Models (CGCMs) from Couple Model 
Intercomparison Project Phase 5 (CMIP5) simulation (Table 1) with Three Representative 
Concentration Pathways (Table 2) to project the future climate (2021 – 2050) of Sri Lanka in 
reference to the baseline period (1976 – 2005). Then, we  developed, calibrated and validated the 
distributed hydrological model, and employed to simulate the past and future  natural runoff in 
the country using the daily past and projected future climatic data. The past climate change and 
its impact on runoff was determined employing the rank-based, non-parametric Mann-Kendall 
statistical test. It determines whether the past annual and monsoon seasonal (1
st
 inter (March – 
April), southwest (May – September), 2
nd




Table 2 Overview of representative concentration pathways (RCPs) 
 Description 
a
 Publication—IA Model 
RCP8.5 Rising radiative forcing pathway leading to 8.5 W/m
2
 
(~1370 ppm CO2 eq) by 2100. 
(Riahi et al. 2007)—
MESSAGE 
RCP4.5 Stabilization without overshoot pathway to 
4.5 W/m
2
 (~650 ppm CO2 eq) at stabilization after 2100 
(Clarke et al. 2007; Smith 
and Wigley 2006; 
Wise et al. 2009) —GCAM 
RCP2.6 Peak in radiative forcing at ~3 W/m
2
 (~490 ppm CO2 
eq) before 2100 and then decline (the selected pathway 
declines to 2.6 W/m
2
 by 2100). 
(Van Vuuren et al., 2007a; 
van Vuuren et al. 
2006) —IMAGE 
a
 Approximate radiative forcing levels were defined as ±5% of the stated level in W/m
2
 relative 
to pre-industrial levels. Radiative forcing values include the net effect of all anthropogenic 
GHGs and other forcing agents ( Vuuren et al, 2011) 
– February)) climate and runoff time series exhibits a trend that statistically significant from a 
trend that could be occurred by chance or not. The inter annual variability of past runoff was 
identified by the computed Coefficient of Variation (CV). The computed statistics and trend 
analysis of simulated natural river runoff for the period of 1976-2005 confirmed that the 
increasing and decreasing trend in annual and seasonal runoff are not significant at 95% 
significance level at most river basins in Sri Lanka. However, decreasing trend in runoff was 
more severe in the basins completely located in the low elevational plane in the dry climatic zone. 
The major river basins starting from the high elevational plane of the wet and intermediate zone 
and those located in the west and east to the central highland marked the increasing trend in 
annual runoff. It was mainly due to the precipitation increased in the western and eastern slopes 
of the central highland. As shown in Table 3, the most river basins are under the increasing and 
decreasing trends in seasonal runoff respectively throughout the 2
nd
 inter (October – November) 
and northeast (December – February) monsoons mostly due to notable seasonal climatic changes. 
The computed CV showed the significant inter-annual variation of past annual and seasonal 
runoff (Fig. 1) in most dry zone river basins. However, inter annual variation of seasonal runoff 
was higher during the 1
st
 inter monsoon compared to other seasons in the dry zone river basins 
due to erratic monsoon climate.   
 
Table 3 Summary of annual and seasonal (1
st
 IM - First inter monsoon, SWM -  Southwest 
monsoon,  2
nd
 IM – Second inter monsoon, NEM - Northeast monsoon) river runoff trends 
during the 1976-2005 period in 39 selected river basins at different significance levels (α=0. 05, 
α=0. 1, α= < 0.2, α > 0.2) 
Time 
period  
 Increasing   Decreasing 
 α=0.05  α=0.1  α= < 0.2 α > 0.2  α=0.05  α=0.1  α= < 0.2 α > 0.2 
Annual   1 2 4 9  1 5 10 16 
1st IM  0 0 0 5  3 6 9 25 
SWM  0 0 1 13  2 5 9 16 
2nd IM  0 0 0 1  0 2 9 29 


























Fig. 1 Inter annual variations of annual and monsoon seasonal runoff volume (1
st
 IM - first inter 
monsoon (March – April), SWM -  Southwest monsoon (May – September),  2
nd
 IM – second 
inter monsoon (October – November), NEM - northeast monsoon (December – February))  
The impacts of future climate change on regional water resources were identified as an annual 
and seasonal runoff changes in reference to the baseline period. The annual and seasonal runoff 
changes were computed as a Representative Concentration Pathways (RCPs) ensemble mean 
values under the RCP2.6,  RCP4.5 and RCP8.5 for all selected river basins. The annual runoff of 
the country has a higher probability of increasing in the near future (2021 – 2050) with respect to 
the climate change and  it ranged between 6% to 15.5 % under the all RCPs ensembles  (Fig. 2). 
There is a high level of consensus for increased seasonal runoff during the southwest (May – 
September)  and 2
nd
 inter (October – November) monsoon seasons, however the magnitude of 
change depend on the river basin and applied RCP ensemble. More than 20% increase in 










Fig. 2 The summary of projected annual and seasonal (1
st
 IM – first inter monsoon, SWM – 
southwest monsoon, 2
nd
 IM – second inter monsoon, NEM – northeast monsoon) runoff changes 
for the selected river basins under the RCP2.6, RCP4.5 and RCP8.5 ensembles for the 2021- 
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monsoon season. The projected future runoff for the 1
st
 inter monsoon (March – April) in the 
country showed a decrease by RCP 8.5 and RCP 2.6 and whereas, RCP 4.5 projected about a 
7 % increase. It clearly showed the significant deviation of seasonal runoff changes, compared to 
the annual projected changes.  
 
Integration of flood and drought disaster to one index under the changing climate is becoming 
increasingly important for understanding the future hydrological disasater impacts. The present 
study developed the hydrological disaster index as a function of drought and flood probability 
(Eq. 1). The drought and flood probability were identified using the high stream flow (Q5) and 
low stream flow (7Q2) indices respectively and integrated to develop the Hydrological Disaster 
Index (HDI).  
 




NH SH MH VH EH 
Drought 
probability 
 0 0.125 0.250 0.375 0.5 
NH 0 0 0.125 0.250 0.375 0.500 
SH 0.125 0.125 0.250 0.375 0.500 0.625 
MH 0.250 0.250 0.375 0.500 0.625 0.750 
VH 0.375 0.375 0.500 0.625 0.750 0.875 
EH 0.5 0.500 0.625 0.750 0.875 1.0 
 
Fig. 3 Matrix to compute the hydrological disaster index    
The probability of flood and drought, which is derived using the low and high flow indices 
categorized into five bands (NH- Not high, SH – Slightly high, MH – Moderately high, VH – 
Very high, EH – Extremely high)  and assign the weight (0 – 0.5) for each band according to 
probability level for flood and drought respectively (Fig. 3). Developed the matrix using the 
weighted values given for flood and drought probability level as shown in (Fig. 3). The range of 
computed hydrological disaster index lies between 0 and 1. A values of 0 means no hydrological 
disaster at all, whereas a value of 1 means that the hydrological disaster probability is extremely 
high. 
 
The developed hydrological disaster index was validated and used to identify the seasonal and 
regional variation of the hydrological disaster in the past and future period under the changing 
climate. As shown in Fig. 4, the higher probability of hydrological disasters are noticed during 
the northeast monsoon due to floods and drought both appeared at the beginning and the end of 
the same season respectively. The future extreme river flow characteristics imply that it is very 
likely that the more hydrological disaster would be expected during the 2
nd
 inter monsoon  as a 
result of the high flow increase. Whereas, the slight increase in hydrological disaster can be seen 
during the 1
st
 inter and the northeast monsoon because of the low flow decrease. However, it 
showed decrease in hydrological disaster during the southwest monsoon because of most of the 









Fig. 4  The mean and range of hydrological disaster index of all selected river basins under the 
three Representative Concentration Pathways (RCP2.6, RCP4.5 and RCP8.5) at four seasons (1
st
 
IM – first inter monsoon, SWM – southwest monsoon, 2
nd
 IM – second inter monsoon, NEM – 
northeast monsoon), for the 2021- 2050 period and baseline period.  
 
Many studies have not considered an environmental water requirement in terms of human water 
stress assessment. A Water Stress Indicator (WSI) developed by Smakhtin et al. (2005) 
recognized the Environmental Water Requirement (EWR) as an important parameter of available 
fresh water. The EWR is expressed as a percentage of the long-term mean annual runoff that is 
reserved for environmental purposes. Water scarcity in tropical countries varies over space and 
seasons because of greater seasonal variations in water availability, use and EWR; thus, the 
evaluation of seasonal water scarcity is required. Therefore, the present study proposed a new 
water stress index, the “Seasonal Water Stress Index” (SWSI), incorporating seasonal 
environmental water requirements (SEWR), cumulative water withdrawal and availability (Eq. 













                                                                               (2) 
where D is the day; N is the number of days in a season; DOS is the day of the season; SEWR is 
an environmental water requirement by season; Withdrawals are the domestic, industrial and 
agricultural water use; and availability is the natural runoff. The index will never be negative 
because the SEWR is always less than the total water available. The SWSI calculated by this 
method implicitly assumes that the water has been reserved for ecological purposes and 
estimates a ratio of total withdrawals to utilizable water. If the SWSI exceeds 1, the basin is 
classified as water scarce. The water stress threshold (Table 4) proposed by Smakhtin et al. 
(2005) was used in this study to rank the water stress level.  
In this study, annual and seasonal water stress assessments were performed using the newly 
devised seasonal water stress index and were compared with the results of two conventional 
water stress indices. The new index incorporated the cumulative seasonal water withdrawals, 
availability and seasonal environmental water requirements. Out of 103 river basins in the Sri 
Lanka, 49 river basins, covering 85.45% of the total land, 78.54% of the country's population 
and 67.5% of paddy areas, were used in the water stress assessment. The Falkenmark Water 





































Table 4 Categorization of environmental water scarcity 
SWSI  
(Proportion)  
Degree of environmental water scarcity of river basins  
SWSI > 1  Overexploited (current water use is tapping into EWR) – environmental 
water-scarce basins. 
0.6≤ SWSI<1 Heavily exploited (0 to 40% of the utilizable water is still available in a basin 
before the EWR are in conflict with other uses) – environmentally water 
stressed basins. 
0.3 ≤ SWSI < 
0.6 
Moderately exploited (40% to 70% of the utilizable water are still available 
in a basin before the EWR is in conflict with other uses). 
SWSI < 0.3 Slightly exploited.  
 
to allow for a comparison. Further WWR ratio and SWSI were employed to compute the water 
stress during the one severe drought period appeared in southwest monsoon precipitation season 
in 2001 to determine the performance of the new index. At last, verified SWSI was employed to 
assess the precipitation and agricultural seasonal water stress in the country.  
 
The computed water stress for the past period by SWSI showed that 61% and 40% of the 
selected river basin area were under severe water stress during the southwest and northeast 
monsoons respectively (Fig. 5). It was due to higher water withdrawals for two main agricultural 
seasons. Most of the dry zone river basins located in northwest and southeast parts are under 
severe water stress because of high agricultural water demand exceeding the water availability. 
The projected future water stress showed decline in severe water stress area during both major 
monsoon seasons, especially by 22% during the southwest monsoon season (Fig. 6) with respect 
to the projected precipitation increase. Slight increase of severe water stress area was noticed 
during the 1
st
 inter monsoon season.    
 
 
    
(a) 1st IM                       (b)   SWM                        (c) 2nd IM                     (d) NEM    
    
Fig. 5 Spatial distribution of the past seasonal water stress index (a) 1
st
 IM - First inter-monsoon 
(March – April), (b) SWM - Southwest monsoon (May – September), (c) 2
nd
 IM - Second inter-







(b) 1st IM                      (b)   SWM                        (c) 2nd IM                     (d) NEM    
 
Fig. 6 Spatial distribution of the projected future seasonal water stress index under the RCP8.5 
ensemble (a) 1
st
 IM - First inter-monsoon (March – April), (b) SWM - Southwest monsoon (May 
– September), (c) 2
nd
 IM - Second inter-monsoon (October –November) and (d) NEM - 
Northeast monsoon (December – February). 
 
The data collected from household survey at two different river basins representing drought and 
flood situations more, used to analyze the  people's perception of climate change and its impacts 
on water resources and extreme hydrological events. Results show that majority of the local 
people has perceived climate change, primarily changes in timing and amount of rainfall, short 
term heavy rainfall and increase in number of hot days during the last two decades. Local people 
have recognized these changes as important causes of water resource scarcity and increasing 
drought and flood events. The modeling results and peoples’ perception of climate change and its 
impacts used to identify the better climate change adaptation measures for the country. 
 
Results show that majority of respondents in Kalu river basins practice rain-fed agriculture, 
which increased exposure to fluctuations in the natural environment and conceptualized climate 
change. Many of them have perceived climate change mainly through personal experience, but 
the influence of media and local communication is also noteworthy. It provides evidence that 
access to information on climate change is an important factor in influencing the likelihood of 
local people taking up adaptation measures. Thus, ensuring access to information on climate 
change through mass media and extension agents is strongly recommended to create awareness 
on climate change impacts and adaptation. Local people have perceived remarkable changes in 
rainfall, mainly decreasing  amount of rainfall and number of rainy days in Walawe river basin 
and  short term heavy rainfall increase in Kalu river basin during last two decades. Their 
perception and climate data analyses are not very similar and complementary in some aspect, 
that demonstrates a low level of knowledge and understanding of climate change and its impacts. 
Advancing robust and resilient development policies that promote adaptation is needed today, as 
the research has provided evidence that changes in the climate will increase even in the short 
term. 
   
Exposure to climate change also means exposure to its various impacts such as drought, flood 
and etc. Local people’s understanding of climate change impacts can be important asset when it 




locals were from the past fifteen years. Extremely less rainfall and severe dryness in 2004 and 
2013 shaped the perception of drought among the respondents in the Walawe river basin. Lack of 
reservoirs to store water in the rainy season further intensified the water problems during drought. 
This information on local climate change unaddressed by global climate change models is an 
important basis for tailoring adaptation policies. Investment in the construction of reservoirs to 
collect rainwater can be underlined as a policy option in the reduction of the negative impacts of 
drought. Local people in the Kalu river basin have experienced decreases of flood events because 
of changes of river morphology due to sand mining in the last decade. Moreover, concerns of 
increasing drought, flood and its impacts on agriculture and livelihood are by far the most 
noteworthy. Improvement in creation of off-farm employment can buffer local people from 
dependence on agricultural livelihoods in times of crop failure due to drought and flood.  
 
To comprehensively assess climate change impacts on seasonal and regional water resources, an 
improved approach was introduced. It is evident that changes of annual and seasonal surface 
water resources under the changing climate is not significant at a high confidence level in the 
past. But, the newly developed Seasonal Water Stress Index (SWSI) identified the most of the 
dry climatic zone river basin, which are most important for the agricultural production in the 
country are under the severe seasonal water stress in the past. However, an increase in seasonal 
precipitation in the future will reduce the severe water stress area, especially during the 
southwest monsoon. The developed Hydrological Disasater Index (HDI) clearly identified the 
increase in seasonal hydrological disaster in the future as a result of extreme river flow changes 
under the changing climate. The peoples’ perception of climate change and its impacts is 
important to identify better adaptation measures at the local scale along with modelling results.     
 
 
